Sertoli cells from 20-day-old rats synthesize and secrete glycoproteins during cell culture (Wilson & Griswold, 1980) . One of these glycoproteins, androgen-binding protein (ABP), has been extensively characterized and the synthesis of this protein has been used as a marker for Sertoli cell functions (Wilson et al., 1978; Means et al., 1975) . We have utilized the secretion of androgen-binding protein and the incorporation of [3H] leucine into protein as indices of the response of Sertoli cells to hormone stimulation in cell culture. It has been previously reported that follitropin (follicle-stimulating hormone) and testosterone will increase the amount of androgen-binding protein found in the culture medium (Fritz et al., 1976; Louis & Fritz, 1979) . However, the secretion of androgen-binding protein by Sertoli cells in the presence or absence of hormones declines rapidly with time in serum-free culture (Rommerts et al., 1978) . We have previously shown that a supplemented medium which contained follitropin, testosterone, insulin, epidermal growth factor, sommatomedins and transferrin was capable of prolonging the ability of Sertoli cell cultures to synthesize androgen-binding protein (Giannetto & Griswold, 1979) . We now wish to report the results of investigations on the ability of insulin and retinol to stimulate synthesis of androgen-binding protein and the synergistic actions of these agents with those of follitropin and testosterone.
Experimental
Cultures of Sertoli cells were prepared from 20-day-old rats by a modification of the method of . The initial incubation of the cells was in F-12 medium which contained 1%
Vol. 186 (v/v) calf serum. After two days the medium was changed to F-12 alone and the appropriate hormones were added. The cyclic AMP assay was done by the antibody method of Pall (1977) 30min after the addition of either hormone or vitamin. Androgen-binding protein was assayed in the medium by dialysis in 1 mM-[3Hltestosterone after 4 days incubation of the Sertoli cells with the hormones (Fritz et al., 1976) , and each subsequent 4 days thereafter. Every 4 days the medium was changed and the hormones and/or vitamin were replaced.
Follitropin (NIH-S-12; added at 0.5,ug/ml) was obtained from the National Pituitary Agency, National Institutes of Health, Bethesda, MD, U.S.A.
Insulin (bovine, 5,ug/ml), testosterone (0.1 pM), and retinol (7pM) were all obtained from Sigma Chemical Co. Protein concentrations were determined by the method of Lowry et al. (1951) .
Results and Discussion
In Table 1 . The mechanism of action of follitropin involves cyclic AMP as a second message (Means et al., 1975 Time of culture (days) Fig. 1 . The long-term culture of Sertoli cells in hormonesupplemented medium The Sertoli cells were prepared from 20-day-old rats, Culture conditions, hormone concentrations, and assays for androgen-binding protein were as described in the text. Androgen-binding protein was assayed by dialysis 4 days after the hormones were added and each subsequent 4 days thereafter (Fritz et al., 1976 not infer from our data that production of androgen-binding protein is specifically stimulated by insulin or retinol. The data do demonstrate that Sertoli cells require insulin and retinol for normal function.
Several lines of evidence suggest that insulin action is a pre-requisite for normal testicular function. Kolarov et al. showed that untreated diabetics are often sterile and attributed the reduced sperm count to physiopathological changes in the testis (Kolarov et al., 1975) . Scaffidi & Rotolo (1974) have reported that testicular damage occurs when rats are treated with alloxan. They observed that the seminiferous tubules of these rats had a reduced number of germinal cells, a thickened basal membrane and a generally decreased volume.
Vitamin A is also required for normal male reproductive function (Moore, 1967) . In a severe deficiency the germinal epithelium is affected and the production of sperm is decreased. When vitamin A-deficient animals were fed retinol, spermatogenesis was restored (Thomson et al., 1964) . Both cellular retinoic-acid-binding protein and cellular retinolbinding protein have been found in rat testis tissue (Long & Chytil, 1978; Ross et al., 1978) . The exact function of the vitamin A compounds in the testis is unclear, but it has been suggested that the retinoids may function as intermediates in the glycosylation of proteins (DeLuca, 1977) .
The actions of both insulin and vitamin A are prerequisites for proper spermatogenesis. Our evidence suggests that the Sertoli cell may be a principle target for the action of these agents, and that proper Sertoli cell function is dependent on other hormonal factors, in addition to follitropin and testosterone.
